The aim of this study was to investigate the incidence of cardiovascular complications in hypertensive patients with erectile dysfunction (ED). An anonymous questionnaire was mailed to 467 and received from 104 hypertensive male patients. Despite the low response rate of 22%, the following interesting findings could be observed: 70.6% of the patients who responded suffered from ED. The hypertensive patients with ED had significantly higher prevalence of cardiovascular complications (P < 0.05). The correlation between depression and low quality of life as well as between ED and low sexual satisfaction was also statistically significant (P ¼ 0.05). ED in hypertensive patients can be considered as a marker for cardiovascular complications in this patient group.
Introduction
Erectile dysfunction (ED) is a very common condition. The Massachusetts Male Aging Study has shown that in the age group of 40 -70 y, the prevalence of ED is 52%. 1 Furthermore, this population-based epidemiological study showed that hypertension and medications for its treatment were correlates of ED. 1, 2 The importance of the relationship of ED with hypertension is further enhanced by the fact that hypertension is very common. Both conditions are age-related and chronic. Our prior report showed that ED is highly prevalent and severe in patients with hypertension. 3 Hypertension is associated with cardiovascular (CV) complications such as myocardial infarction (MI), stroke and=or heart failure. It is clinically the strongest predictor of MI and also a predictor of stroke. 4, 5 Obviously, such CV complications of hypertension cause significant morbidity and mortality. Certain conditions add to the general risk of CV complications or identify those hypertensive patients at higher risk for such complications. These conditions include depression, obesity, smoking, hyperlipidemia, lack of exercise and family history. 5 -11 Although ED is highly prevalent in men with hypertension, it has not been considered a risk marker for CV complications of hypertension.
Our hypothesis was that ED was a marker for CV complications. Furthermore, psychological= behavioral factors such as sexual dissatisfaction, low quality of life and depression might be the link between ED and CV complications of hypertension. There were two aims to our study. The first was to investigate the prevalence of CV complications including MI, heart failure and=or stroke in hypertension patients with ED. The second was to investigate the various domains of male sexual function with emphasis on sexual satisfaction and quality of life in addition to depression status.
Methods

Sample design and size
Four hundred and sixty-seven male hypertensive patients of the Columbia Presbyterian Hypertension Center were surveyed with an anonymous selfadministered questionnaire. All male outpatients 18 -75 y of age of the Columbia Presbyterian Hypertension Center were included in the study. Complete responses were provided by 104 patients (22.3%). These patients constituted the present study sample. Subsequent to a reply period of 10 weeks, the data was entered into the database and statistically analyzed.
The questionnaire
The questionnaire used in this study consisted of several parts with evaluation of the hypertension history, general medical history, patient compliance, and three validated questionnaires regarding sexual function, behavioral function, and life satisfaction.
To assess the patients' weight the Body Mass Index (BMI, University of Florida Health and Human Performance) was used. A BMI of less than 25 kg=m 2 is considered healthy, 25 -27 kg=m 2 overweight and higher than 27 kg=m 2 is obese.
Sexual function was evaluated through the use of the International Index of Erectile Function (IIEF) and its scoring system. 12 Life satisfaction was evaluated using the Fugl-Meyer life satisfaction scale. The global life satisfaction (satisfaction with life as a whole) and domain specific life satisfaction is evaluated in eight questions along a six graded scale ranging from very satisfied to very dissatisfied. 13 Depression status was evaluated using the Center of Epidemiologic Studies -Depression Scale (CES-D). The CES-D has shown good sensitivity and specificity for depressive disorders. 14 Patients who have a score 1 -15 in the CES-D analysis were considered as not depressed, whereas patients scoring > 15 were considered as depressed. Additionally, three questions regarding sexual function status and treatment for ED were added.
These six individual tests were combined into one questionnaire, altogether covering a total of 77 questions. After the study protocol was approved by the Institutional Review Board (IRB-#8874) the questionnaire was mailed once including a postage-paid self-addressed envelope. The goals, anonymity and the confidentiality were explained in a letter from the subjects' hypertension specialist.
Statistical analysis
Pearson correlation coefficients were used to assess the direction and magnitude of relationships between continuous variables. For prediction models involving a dichotomous variable, logistic regression was utilized whereas w 2 tests were run to look at the association between two categorical variables.
All analyses were carried out using software from the Statistical Analysis System (SAS Institute, Inc., Cary, NC). To determine the relationship between factors of sexual function (interest=desire, activity= frequency, body image, and pleasure=communi-cation=satisfaction) and a variety of predictor variables, several multiple regression analyses were carried out.
Results
Demographics
The questionnaire was completed by 104 (22.3%) male patients. The sample was predominantly white (91.4%). The majority of men were married (86.7%), 4.8% were either single or widowed, and 3.8% were divorced. The educational level of the sample was relatively high; approximately 83% of the men were college educated; of these 45% received graduate training. Exactly 50% of the patients were retired. Demographics of the sample are presented in Table 1 .
Evaluation of erectile function
Eighty-nine hypertensive patients (84.8%) described themselves as being sexually active. Seventy-two responders (68.3%) suffered from ED. Of the patients who suffered from ED, 7.7% had mild symptoms (mean age 66 AE 9.3 y), 15.4% patients had moderate symptoms (mean age 59.2 AE 9.25 y), and 45.2% patients had severe symptoms (mean age 
Hypertension history
Mean age at hypertension detection was 42 AE 12.8 y. On average, patients received treatment 2.5 AE 5.6 y after their detection of hypertension, and were treated for 17 AE 10.9 y for this disease. Ninety-nine patients answered questions on which kind of hypertension medication(s) they took. However, no significant correlation between each group of hypertensive medications (thiazide diuretics, b-blockers, angiotensin converting enzyme (ACE)-inhibitors, potassium sparing diuretics, Ca-channel blockers, a-blockers, angiotensin II receptor antagonists, loop diuretics, direct vasodilators) and the prevalence of ED was found. Twenty-five (25.3%) patients received only one hypertension medication, 37 (37.4%) received two, 21 (21.2%) received three, 9 (9.1%) received four, 6 (6.1%) received five, and 1 (1%) patient received a combination of six hypertension medications at the same time. Patients' compliance was high: 100 patients (96.2%) answered that they kept their doctor's appointment always or almost always since diagnosed with hypertension. Ninety-four patients (90.4%) took their medications either always or almost always.
Cardiovascular history and complications
The mean age of the subjects was 62.2 AE 10.1 y (range ¼ 34 -75 y of age). Mean weight was 185 pounds. Twenty-four patients (23.1%) had suffered from complications of hypertension such as heart attack (18%) or=and heart failure (2.1%) or=and stroke (11.7%). Twenty (83.3%) of these patients with complications of hypertension had ED, only four (16.6%) did not have ED. Therefore, the prevalence of ED significantly correlates with the prevalence of complications of hypertension (Pvalue ¼ 0.05, Table 2 ).
Sixty-three patients were smokers, 45 of them had ED. Average smoking years were 22.5 AE 10.2, averaging 26.7 AE 16.5 cigarettes a day. However, smoking did not significantly correlate with ED (Pvalue ¼ 0.55) or with the scores in the subgroups of the IIEF. As well, no correlation was found between an increasing amount of cigarettes per day (Pvalue ¼ 0.43) or the years of smoking (P-value ¼ 0.27) on one hand, and the severity of ED. Seventy patients consumed alcohol (67.3%). Sixty-two patients answered questions on how much alcohol they consumed, of those 20 (31.3%) drank above average (1 -3 drinks=day), 31 (48.4%) average (1 -2 drinks=week), and 11 (17.2%) rarely. Drinking alcohol did not correlate with the severity of ED (P-value ¼ 0.31), as well as the fact that an increased consumption of alcohol did not show any correlation with ED (P-value ¼ 0.37). Only one patient (0.96%) used drugs (marijuana, cocaine, or other).
Longer duration of hypertension did not have an impact on the risk of developing ED (P-value ¼ 0.15) and did not correlate with severity of ED (Pvalue ¼ 0.31) (using the IIEF). Longer periods between hypertension detection and the actual start of treatment showed no correlation to the prevalence (P-value ¼ 0.32) and severity (P-value ¼ 0.12) of ED.
Behavioral function
The Fugl-Meyer score analysis showed that the overall life satisfaction (satisfaction with life as a whole plus the domain specific life satisfaction) was relatively high. Ninety patients (85.6%) are satisfied, whereas 14 patients (14.4%) are dissatisfied. However, no correlation between overweight (BMI) (P-value ¼ 0.33) or age (P-value ¼ 0.075) and life satisfaction (Fugl-Meyer) was observed. All patients with ED (who answered the question; 'have you had problems obtaining or maintaining erection?' with a yes, 72 patients) and without ED (32 patients) have the same overall life satisfaction score with an average of 'satisfied' (P-value ¼ 0.83). However, as shown in Table 3 , a highly significant correlation between life satisfaction and certain domains of erectile function (IIEF) was observed. For instance, low overall satisfaction in the IIEF significantly Using the CES-D, psychometric analysis of depression revealed, that 25.7% suffered from depression (mean age 61.2 y), whereas 74.3% of the patients did not show signs of depression (mean age 62.5 y). Comparing the scores in the CES-D of patients above 60 (average age 69 AE 4.9 y) with the patients of 60 and below (average age 52.5 AE 6.7 y), no significant correlation was found between aging and depression (P-value ¼ 0.5).
Depression and being overweight did not correlate (P-value ¼ 0.652). As shown in Table 4 , patients with ED (who answered the question; 'have you had problems obtaining or maintaining erection?' with yes, 72 patients) have more depression than patients without ED (P-value ¼ 0.05). Out of 72 patients with ED, 22 (30.6%) show signs of depression. Out of 32 patients with no ED, only four (12.5%) showed signs of depression. Among the domains of erectile function, low scoring (more dissatisfied) of the overall satisfaction domain (OS) correlates highly significantly (P-value ¼ 0.0002) with low scoring in the CES-D analysis (more depressed), whereas the other domains (EF, OF, SD and IS) do not correlate (Table 5 ).
Discussion
Analysis of our detailed study of ED in males with hypertension shows that ED is a marker for CV complications of hypertension and also a marker of psychological functioning, especially mood, and quality of life. These findings have sound explanations and also far-reaching consequences for practice and research. The importance of the results of our study is even further enhanced when the findings are viewed together in the context of a comprehensive and seamless biological and psychological approach toward the patient with hypertension. Since prior literature has established that depression is a prognostic risk factor for CV complications, the strong correlation of ED on one hand and depression and low quality of life on the other, in our study can be viewed as an added CV risk in patients with hypertension. 6, 7, 16, 17 The significance of this link between ED and CV risk in patients with hypertension is further magnified by our prior finding that ED is highly prevalent and severe in patients with hypertension. 3 Clinical depression is an independent risk factor for coronary artery disease for several decades after the onset of the clinical depression. 18 Among elderly persons ( ! 60), an increase in depressive symptoms is associated with a significant and substantial excess risk of stroke or MI and death. 19 Baseline depression symptoms were not related to CV events; however, an increase in depression was prognostic: 25% increased risk of death due to CV events per 5-unit increase in the CES-D score. 19 Of special interest is the finding that newly depressed older men ( ! 70), but not women, were twice as likely to have a CV event than those who were never depressed. 20 A recent onset of depressed mood in men is a better predictor of CV disease than longterm depressed mood. 20 The role of depression is further emphasized by the fact that symptoms of depression include low physical activity. Inadequate exercise is the strongest predictor of heart attack on the community basis. 4 Exercise level is ED and cardiovascular complications in men with hypertension M Burchardt et al inversely related to CV (and total, and respiratory) mortality. 4 Other risk factors are obesity, smoking and hyperlipidemia. Obesity itself is a risk factor for hypertension and=or CV complications. 21, 22 A BMI ! 27 kg=m 2 is strongly associated with increased odds to have hypertension. 23 In addition, obesity is a significant independent predictor of CV disease, particularly heart disease and stroke. 24 Daily smoking is a significant predictor for MI. 25 Total cholesterol, HDL-cholesterol or triglyceride alone are predictors for CV disease. 26 The total cholesterol=HDL-cholesterol ratio gives the best prediction for CV disease. 27, 28 Comparing our patient population to the literature, it is obvious that our hypertension population has a high-risk profile. As documented in our results, our population has a significant prevalence of depressive symptoms, is overweight and has a high prevalence of smoking. The CES-D psychometric analysis of depression revealed, that 25.7% suffered from depression. According to the BMI, 34% of the patients in our survey were overweight (BMI ¼ 25 -27 kg=m 2 ) 42.7% patients were obese (BMI > 27 kg=m 2 ) and 61% were smokers.
In spite of the fact that our study population profile is high risk and although major complications of hypertension per se can cause depression which leads to ED, our data shows ED as an independent marker for CV complications. This is the first time that ED has been shown to be a risk marker for CV complications of hypertension. The explanation of such a finding may lie in the anatomy and physiology of erection and=or in the depression and low quality of life link.
The first explanation is supported by the fact that as a vascular event of vasodilatation, erection is a logical target for organ damage from hypertension, which is known to cause multiple organ damage. Arterial insufficiency and=or venous leak are considered to be the most common mechanisms of organic ED. 29, 30 In a report on 131 males hospitalized for acute MI, 64% had ED. 31 Forty to fifty per cent of males with peripheral arterial disease had ED. 32 The prevalence of organic ED increased as the number of vascular risk factors increased. The proportion of abnormal penile vascular findings significantly increased with the number of involved factors: cigarette smoking, diabetes and hypertension. 33 -35 Penile vascular insufficiency is the most common cause of ED. This is associated with substantial pathological changes in the erectile tissue leading to reduction in vascular smooth muscle and an increase in collagen and fibrosis.
The second explanation is very interesting. Our study shows a strong correlation of ED with depression on one hand and a low quality of life on the other. The finding that the score of the overall satisfaction domain of the IIEF correlated with depression and low quality of life suggests that sexual dissatisfaction might be the link or the mechanism of triggering depressive symptoms. Once depressive symptoms are established, increased risk of CV complications is a logical consequence. This concept can be summarized in the following diagram: ED)Low overall sexual satisfaction)Depression)
Increased risk for CV complications
In a highly common health problem such as hypertension, the findings and the links of risk markers have very important consequences for practice and research. Health care professionals caring for men with hypertension are urged to screen their patients for ED and depression. Patients with either or both conditions should be offered treatments and careful follow-up of ED and depression. In addition, hypertension patients with ED should receive proactive measures for the prevention of CV complications, including depression management, exercise, weight control, dietary counseling, strict control of blood pressure and patient and family education. Our study warrants further research in the link between ED and CV complications in order to predict and prevent such morbidities.
